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(7) ABSTRACT

An electroluminescent display is disclosed. Each of subpix-
els included in the electroluminescent display includes a first
driver including a first driving element for driving a light
emitting element during a first period, and a second driver
including a second driving element for driving the light
emitting element during a second period. The light emitting
element includes an anode connected to the first and second
drivers and a cathode supplied with a low potential power
voltage. During the first period, a high potential power
voltage higher than the low potential power voltage is
supplied to the second driving element, and the low potential
power voltage is supplied to the first driving element. During
the second period, the high potential power voltage is
supplied to the first driving element, and the low potential
power voltage is supplied to the second driving element.

12 Claims, 13 Drawing Sheets
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ELECTROLUMINESCENT DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Republic of Korea
Patent Application No. 10-2017-0143760 filed on Oct. 31,
2017 with the Korean Intellectual Property office, which is
incorporated herein by reference in its entirety.

BACKGROUND

Technical Field

The present disclosure relates to an electroluminescent
display.

Discussion of the Related Art

An electroluminescent display is classified into an inor-
ganic light emitting display and an organic light emitting
diode (OLED) display depending on a material of an emis-
sion layer. An active matrix OLED display includes a
plurality of OLEDs capable of emitting light by themselves
and has many advantages of fast response time, high emis-
sion efficiency, high luminance, and wide viewing angle.

Each pixel of an OLED display includes an OLED and a
driving element that supplies a current to the OLED depend-
ing on a gate-to-source voltage and drives the OLED. The
OLED includes an anode electrode, a cathode electrode, and
an organic compound layer between the anode electrode and
the cathode electrode. The organic compound layer includes
a hole injection layer HIL, a hole transport layer HTL, an
emission layer EML, an electron transport layer ETL, and an
electron injection layer EIL. When the current flows in the
OLED, holes passing through the hole transport layer HTL
and electrons passing through the electron transport layer
ETL move to the emission layer EML and combine, thereby
forming excitons. As a result, the emission layer EML
generates visible light by the excitons.

The driving element may be implemented as a transistor
of a metal oxide semiconductor field effect transistor (MOS-
FET) structure. All the pixels have to have the same elec-
trical characteristics in the driving element. However, there
may be a variation in electrical characteristics between the
pixels due to a process variation and a variation in device
characteristics. Further, the electrical characteristics of the
driving element may vary as a display driving time passed.
In order to compensate for a variation in the electrical
characteristics of the driving element, an internal compen-
sation method and an external compensation method may be
applied to an electroluminescent display. The internal com-
pensation method samples a threshold voltage Vth of the
driving element varying depending on the electrical charac-
teristics of the driving element and compensates for a data
voltage as much as the sampled threshold voltage Vth. The
external compensation method senses a voltage of the pixel
varying depending on the electrical characteristics of the
driving element and modulates data of an input image based
on the sensed voltage by an external circuit, thereby com-
pensating for a variation in electrical characteristics of the
driving element between the pixels.

Due to hysteresis characteristics of a transistor used as a
driving element in an electroluminescent display to which an
internal compensation circuit is applied, a threshold voltage
Vthl of the transistor when a current of the transistor
increases may be different from a threshold voltage Vth2 of
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the transistor when the current of the transistor decreases.
Change in the threshold voltage may generate a sampling
variation in a threshold voltage of the driving element and
lead to image retention. In FIG. 1, a horizontal axis denotes
a gate voltage Vg of the transistor, and a vertical axis denotes
a drain-to-source current Ids of the transistor. In FG. 1, the
threshold voltage Vth1 when the Ids increases is be different
from the threshold voltage Vth2 when the Ids decreases.
Change in the threshold voltage resulting from the hysteresis
characteristics of the transistor appears more in a p-channel
transistor than an n-channel transistor.

SUMMARY

The present disclosure provides an electroluminescent
display capable of preventing image retention.

An electroluminescent display according to the present
disclosure includes a display panel on which data lines and
gate lines intersect each other and a plurality of subpixels is
disposed, a data driver configured to supply a data signal to
the data lines, and a gate driver configured to supply a gate
signal to the gate lines.

Each subpixel includes a first driver including a first
driving element for driving a light emitting element during
afirst period, and a second driver including a second driving
element for driving the light emitting element during a
second period. The light emitting element includes an anode
connected to the first and second drivers and a cathode
supplied with a low potential power voltage.

During the first period, a high potential power voltage
higher than the low potential power voltage is supplied to the
second driving element, and the low potential power voltage
is supplied to the first driving element. During the second
period following the first period, the high potential power
voltage is supplied to the first driving element, and the low
potential power voltage is supplied to the second driving
element.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, that may be included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the disclosure and together with
the description serve to explain various principles of the
disclosure.

FIG. 1 illustrates change in a threshold voltage due to
hysteresis characteristics of a transistor.

FIG. 2 is a block diagram of an electroluminescent display
according to an embodiment of the disclosure.

FIG. 3 is a circuit diagram of a pixel circuit according to
a first embodiment of the disclosure.

FIG. 4 is a waveform diagram illustrating a gate signal
supplied to pixels of first to fourth display lines according to
an embodiment of the disclosure.

FIGS. 5A and 5B are circuit diagrams illustrating an
operation of a pixel circuit shown in FIG. 3 according to an
embodiment of the disclosure.

FIG. 6 is a waveform diagram illustrating a driving signal
of a pixel circuit according to an embodiment of the disclo-
sure.

FIGS. 7A and 7B are circuit diagrams illustrating a pixel
circuit according to a second embodiment of the disclosure.

FIGS. 8A to 8D are circuit diagrams dividedly illustrating
in stages an operation of a pixel circuit according to the



US 10,529,289 B2

3

second embodiment of the disclosure in an initialization
period, a sampling period, a hold period, and an emission
period.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of
the disclosure, examples of which are illustrated in the
accompanying drawings. However, the present disclosure is
not limited to embodiments disclosed below, and may be
implemented in various forms. These embodiments are
provided so that the present disclosure will be described
more completely, and will fully convey the scope of the
present disclosure to those skilled in the art to which the
present disclosure pertains. Particular features of the present
disclosure can be defined by the scope of the claims.

Shapes, sizes, ratios, angles, number, and the like illus-
trated in the drawings for describing embodiments of the
disclosure are merely exemplary, and the present disclosure
is not limited thereto unless specified as such. Like reference
numerals designate like elements throughout. In the follow-
ing description, when a detailed description of certain func-
tions or configurations related to this document that may
unnecessarily cloud the gist of the present disclosure have
been omitted.

In the present disclosure, when the terms “include”,
“have”, “comprised of”, etc. are used, other components
may be added unless “~ only” is used. A singular expression
can include a plural expression as long as it does not have
an apparently different meaning in context.

In the explanation of components, even if there is no
separate description, it is interpreted as including margins of
error Or an error range.

In the description of positional relationships, when a
structure is described as being positioned “on or above”,
“under or below”, “next to” another structure, this descrip-
tion should be construed as including a case in which the
structures directly contact each other as well as a case in
which a third structure is disposed therebetween.

The terms “first”, “second”, etc. may be used to distin-
guish various components. However, functions or structures
of the components are not limited by names of the compo-
nents and ordinal numbers prefixed to the component names.

The features of embodiments of the disclosure can be
partially combined or entirely combined with each other,
and can be technically interlocking-driven in various ways.
The embodiments can be independently implemented, or
can be implemented in conjunction with each other.

A pixel circuit included in an electroluminescent display
according to embodiments of the disclosure includes a
driving element and a switch element. Each of the driving
element and the switch element may be implemented as at
least one of an n-channel transistor (or n-type metal oxide
semiconductor field effect transistor (MOSFET) (NMOS))
and a p-channel transistor (or p-type MOSFET (PMOS)).
The transistor on a display panel may be implemented as a
thin film transistor (TFT). The transistor may be imple-
mented as an oxide transistor having an oxide semiconduc-
tor pattern or a low-temperature polycrystalline silicon
(LTPS) transistor having a LTPS semiconductor pattern. The
transistor is a three-electrode element including a gate, a
source, and a drain. The source is an electrode for supplying
carriers to the transistor. The carriers inside the transistor
begin to flow from the source. The drain is an electrode from
which carriers exit the transistor. Namely, carriers in the
transistor flow from the source to the drain. In case of the
n-channel transistor, because carriers are electrons, a source
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voltage is less than a drain voltage so that electrons can flow
from a source to a drain. In the n-channel transistor, because
electrons flow from the source to the drain, a current flows
from the drain to the source. In case of the p-channel
transistor, because carriers are holes, a source voltage is
greater than a drain voltage so that holes can flow from a
source to a drain. In the p-channel transistor, because holes
flow from the source to the drain, a current flows from the
source to the drain. In embodiments disclosed herein, the
source and the drain of the transistor are not fixed. For
example, the source and the drain of the transistor may be
changed depending on an applied voltage. Thus, the present
disclosure is limited by the source and the drain of the
transistor. In the following description, the source and the
drain of the transistor are referred to as a first electrode and
a second electrode, respectively.

A gate signal of the transistor used as the switch element
swings between a gate-on voltage and a gate-off voltage.
The gate-on voltage is set to a voltage capable of turning on
the transistor, and the gate-off voltage is set to a voltage
capable of turning off the transistor. In case of an n-channel
transistor, the gate-on voltage may be a gate high voltage
VGH, and the gate-off voltage may be a gate low voltage
VGL less than the gate high voltage VGH. In case of a
p-channel transistor, the gate-on voltage may be the gate low
voltage VGL, and the gate-off voltage may be the gate high
voltage VGH.

In the following embodiments, an electroluminescent
display will be described focusing on an organic light
emitting diode (OLED) display including an organic light
emitting material. However, the technical idea of the present
disclosure is not limited to the OLED display. For example,
the present disclosure may be applied to an inorganic light
emitting display including an inorganic light emitting mate-
rial.

FIG. 2 is a block diagram of an electroluminescent display
according to an embodiment of the disclosure. Referring to
FIG. 2, an electroluminescent display according to an
embodiment of the disclosure includes a display panel 100
and a display panel driving circuit.

A screen of the display panel 100 includes a pixel array
AA on which an input image is displayed. The pixel array
AA includes a plurality of data lines 102, a plurality of gate
lines 104 intersecting the data lines 102, and pixels arranged
in a matrix.

Each pixel may include a red subpixel, a green subpixel,
and a blue subpixel for color representation. Each pixel may
further include a white subpixel. Each subpixel 101 includes
a pixel circuit shown in FIGS. 3 to 8D. The pixel circuit
drives a light emitting element OLED using two drivers
connected to the light emitting element OLED.

Touch sensors may be disposed on the display panel 100.
A touch input may be sensed using separate touch sensors or
sensed through the pixels. The touch sensors may be imple-
mented as on-cell touch sensors or add-on touch sensors and
disposed on the screen of the display panel 100. Alterna-
tively, the touch sensors may be implemented as in-cell
touch sensors that are embedded in the pixel array AA.

The display panel driving circuit includes a data driver
110 and a gate driver 120. A demultiplexer (not shown) may
be disposed between the data driver 110 and the data lines
102.

The display panel driving circuit writes data of an input
image to the pixels of the display panel 100 under the control
of a timing controller 130 and displays the input image on
the screen. The display panel driving circuit may further
include a touch sensor driver for driving the touch sensors.
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The touch sensor driver is omitted in FIG. 1. In mobile
devices or wearable devices, the data driver 110, the timing
controller 130, and the like may be integrated into one
integrated circuit.

The data driver 110 converts digital data of an input image
received from the timing controller 130 into gamma com-
pensation voltages using a digital-to-analog converter
(DAC) in each frame petiod and outputs a voltage (herein-
after referred to as “data voltage”) of a data signal. The data
voltage is applied to the pixels through the data lines 102.
The demultiplexer is disposed between the data driver 110
and the data lines 102 using a plurality of switch elements
and distributes the data voltage output from the data driver
110 to the data lines 102. Because each channel of the data
driver 110 is dividedly connected to the plurality of data
lines 102 by the demultiplexer, the number of data lines 102
can decrease.

The gate driver 120 may be implemented as a GIP (gate-in
panel) circuit directly formed in a bezel area of the display
panel 100 together with a transistor array of an active area.
The gate driver 120 outputs gate signals to the gate lines 104
under the control of the timing controller 130. The gate
driver 120 may shift the gate signals using a shift register
and sequentially supply the gate signals to the gate lines 104.
As shown in FIG. 4, the gate signal may include scan signals
SCAN1(N) and SCAN2(N) and an emission signal EM(N).

The timing controller 130 receives digital video data
DATA of an input image and timing signals synchronized
with the digital video data DATA from a host system (not
shown). The timing signals include a vertical sync signal
Vsync, a horizontal sync signal Hsync, a data enable signal
DE, a clock signal DCLK, and the like. The host system may
be one of a television system, a set-top box, a navigation
system, a personal computer (PC), a home theater system, a
mobile device, a wearable device, and other systems that
include or operate in conjunction with a display device.

The timing controller 130 may control a frame rate to be
higher than an input frame frequency. For example, the
timing controller 130 multiplies the input frame frequency
by “1” and can control operation timing of the display panel
driving circuit at a frame frequency of (input frame fre-
quencyxi) Hz, where “i” is a positive integer greater than
zero. The input frame frequency is 50 Hz in a phase alternate
line (PAL) scheme and is 60 Hz in a national television
standards committee (NTSC) scheme. In a low power con-
sumption driving mode, the timing controller 130 may
reduce the frame frequency to 1 Hz to 30 Hz.

The timing controller 130 can generate a data timing
control signal for controlling operation timing of the data
driver 110, a switch control signal for controlling operation
timing of the demultiplexer, and a gate timing control signal
for controlling operation timing of the gate driver 120 based
on the timing signals Vsync, Hsync, DE, and DCLK
received from the host system, thereby controlling operation
timing of the display panel driving circuit. A voltage level of
the gate timing control signal output from the timing con-
troller 130 may be converted into a gate-on voltage and a
gate-off voltage through a level shifter (not shown) and may
be supplied to the gate driver 120. The level shifter converts
a low level voltage of the gate timing control signal into a
gate low voltage VGL and converts a high level voltage of
the gate timing control signal into a gate high voltage VGH.

FIG. 3 is a circuit diagram of a pixel circuit according to
a first embodiment of the disclosure. The pixel circuit shown
in FIG. 3 indicates any subpixel disposed on an Nth display
line of the display panel 100, where N is a positive integer.
FIG. 4 is a waveform diagram illustrating a gate signal
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supplied to pixels of first to fourth display lines. In FIG. 4,
“1H” denotes one horizontal period.

Referring to FIGS. 3 and 4, the pixel circuit includes first
and second drivers 1011 and 1012 for alternately driving a
light emitting element OLED and a first switch element T1.
The first driver 1011 includes a driving element DT1 and
switch elements T21 and T31, and the second driver 1012
includes a driving element DT2 and switch elements T22
and T32. FIG. 3 illustrates that the driving elements DT1 and
DT2 and the switch elements T1, T4, T21, T31, T22, and
T32 are implemented as p-channel transistors, by way of
example. However, embodiments are not limited thereto.

A data voltage Vdata, a high potential power voltage
VDD, a low potential power voltage VSS, a reference
voltage Vref, a first scan signal SCAN1(N), a second scan
signal SCAN2(N), and an emission signal EM(N) are sup-
plied to the pixel circuit. During a first period, the high
potential power voltage VDD is supplied to the second
driving element DT2, and the low potential power voltage
VSS lower than the high potential power voltage VDD is
supplied to the first driving element DT1. On the contrary,
during a second period, the high potential power voltage
VDD is supplied to the first driving element DT1, and the
low potential power voltage VSS is supplied to the second
driving element DT2. An anode of the light emitting element
OLED is connected to the first and second drivers 1011 and
1012, and the low potential power voltage VSS is supplied
to a cathode of the light emitting element OLED.

A pulse of the first scan signal SCAN1(N) is synchronized
with the data voltage Vdata and defines a sampling period.
The sampling period is time for which capacitors Cst1 and
Cst2 of the pixel circuit are supplied with the data voltage
Vdata and are charged with the data voltage Vdata compen-
sated as much as a threshold voltage of the driving elements
DT1 and DT2.

A pulse of the second scan signal SCAN2(N) overlaps the
pulse of the first scan signal SCAN1(N) and is generated
with a pulse width wider than the pulse of the first scan
signal SCAN1(N). The pulse of the second scan signal
SCAN2(N) is changed to a gate-on voltage VGL earlier than
the first scan signal SCAN1(N) and is inverted to a gate-off
voltage VGH at the same time as the first scan signal
SCAN1(N), thereby defining an initialization period P01
and a sampling period P02 of the pixel circuit. The initial-
ization period P01 is time for which the capacitors Cstl and
Cst2, the driving elements DT1 and DT2, and the light
emitting element OLED of the pixel circuit are imtialized.
The pulses of the scan signals SCAN1(N) and SCAN2(N)
are generated as the gate-on voltage VGL. A pulse of the
emission signal EM(N) is inverted to the gate-off voltage
VGH when the first scan signal SCANT(N) is generated at
the gate-on voltage VGL. The pulse of the emission signal
EM(N) is inverted to the gate-on voltage VGL after the scan
signals SCAN1(N) and SCAN2(N) are inverted to the
gate-off voltage VGH and then are delayed by a hold period
P03 of FIGS. 4 and 6. The emission signal EM(N) blocks a
current flowing in the light emitting element OLED during
the initialization period and the sampling period, thereby
preventing the light emitting element OLED from emitting
light. Further, the emission signal EM(N) forms a current
path between the light emitting element OLED and the
driving elements DT1 and DT2 in an emission period
following the sampling period to thereby cause the light
emitting element OLED to emit light.

The light emitting element OLED emits light with the
current supplied from the first and second drivers 1011 and
1012. The anode of the light emitting element OLED is
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connected to the first and second drivers 1011 and 1012. The
low potential power voltage VSS is supplied to the cathode
of the light emitting element OLED. The light emitting
element OLED may include an organic compound layer
between the anode and the cathode. The organic compound
layer may include a hole injection layer HIL, a hole transport
layer HTL, an emission layer EML, an electron transport
layer ETL, and an electron injection layer EIL. However,
embodiments are not limited thereto.

A first switch element T1 forms a current path between the
data line 102 and a first node n1 in response to the gate-on
voltage VGL of the first scan signal SCAN1(N) and supplies
the data voltage Vdata to the first and second drivers 1011
and 1012. The first switch element T1 is connected to the
first and second drivers 1011 and 1012 and simultaneously
supplies the data voltage Vdata to the capacitors Cstl and
Cst2 of the first and second drivers 1011 and 1012. The first
switch element T1 includes a gate connected to a first gate
line 1041 to which the first scan signal SCANI(N) is
applied, a first electrode connected to the data line 102, and
a second electrode connected to the first node nl. The first
node nl is connected to the first switch element T1 and a
fourth switch element T4 and is also connected to the first
and second capacitors Cstl and Cst2.

The first driver 1011 includes the first capacitor Cstl, the
first driving element DT1, a 2-1 switch element T21, and a
3-1 switch element T31.

The first capacitor Cstl is connected between the first
node nl and a second node n2 and samples a threshold
voltage of the first driving element DT', thereby storing a
data voltage compensated as much as the sampled threshold
voltage. The second node n2 is connected to a gate of the
first driving element DT1 and a first electrode of the 2-1
switch element T21.

The first driving element DT1 controls the current of the
light emitting element OLED depending on a voltage of the
first capacitor Cstl and drives the light emitting element
OLED. The first driving element DT1 includes the gate
connected to the second node n2, a first electrode connected
to a first power line 1031, and a second electrode connected
to a fourth node nd. The high potential power voltage VDD
and the low potential power voltage VSS are alternately
supplied to the first power line 1031 at predetermined time
intervals. A The fourth node n4 is connected to the second
electrode of the first driving element DT1, a second elec-
trode of the 2-1 switch element T21, and a first electrode of
the 3-1 switch element T31.

The 2-1 switch element T21 is turned on in response to the
gate-on voltage VGL of the second scan signal SCAN2(N)
and connects the gate and the second electrode of the first
driving element DT1. The 2-1 switch element T21 includes
a gate connected to a second gate line 1042 to which the
second scan signal SCAN2(N) is applied, the first electrode
connected to the second node n2, and the second electrode
connected to the fourth node nd.

The 3-1 switch element T31 is turned off when a voltage
of a fifth node n5 is equal to or greater than the gate-off
voltage VGH, and blocks a current path between the first
driving element DT1 and the light emitting element OLED
when the second driver 1012 is driven. The 3-1 switch
element T31 includes a gate connected to the fifth node n5,
a first electrode connected to the fourth node n4, and a
second electrode connected to the anode of the light emitting
element OLED. When the second driver 1012 is driven, the
3-1 switch element T31 can prevent current consumption of
the first driver 1011 and thus reduce power consumption.
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The second driver 1012 operates alternately with the first
driver 1011. The second driver 1012 includes the second
capacitor Cst2, the second driving element DT2, a 2-2
switch element T22, and a 3-2 switch element T32,

The second capacitor Cst2 is connected between the first
node nl and the third node n3 and samples a threshold
voltage of the second driving element DT2, thereby storing
a data voltage compensated as much as the sampled thresh-
old voltage. The third node n3 is connected to a gate of the
second driving element DT2 and a first electrode of the 2-2
switch element T22.

The second driving element DT2 controls the current of
the light emitting element OLED depending on a voltage of
the second capacitor Cst2 and drives the light emitting
element OLED. The second driving element DT2 includes
the gate connected to the third node n3, a first electrode
connected to a second power line 1032, and a second
electrode connected to the fifth node n5. The high potential
power voltage VDD and the low potential power voltage
VSS are alternately supplied to the second power line 1032
at predetermined time intervals. The fifth node n5 is con-
nected to the second electrode of the second driving element
DT?2, a second electrode of the 2-2 switch element T22, and
a first electrode of the 3-2 switch element T32.

The 2-2 switch element T22 is turned on in response to the
gate-on voltage VGL of the second scan signal SCAN2(N)
and connects the gate and the second electrode of the second
driving element DT2. The 2-2 switch element T22 includes
a gate connected to the second gate line 1042 to which the
second scan signal SCAN2(N) is applied, the first electrode
connected to the third node n3, and the second electrode
connected to the fifth node n5.

The 3-2 switch element T32 is turned off when a voltage
of the third node n3 is equal to or greater than the gate-off
voltage VGH, and blocks a current path between the second
driving element DT2 and the light emitting element OLED
when the first driver 1011 is driven. The 3-2 switch element
T32 includes a gate connected to the third node n3, a first
electrode connected to the fifth node n5, and a second
electrode connected to the anode of the light emitting
element OLED.

The pixel circuit may further include a fourth switch
element T4. The fourth switch element T4 is turned on in
response to the gate-on voltage VGL of the emission signal
EM(N) and supplies the reference voltage Vref to the first
node nl. The fourth switch element T4 includes a gate
connected to a third gate line 1043 to which the emission
signal EM(N) is applied, a first electrode connected to the
first node nl, and a second electrode connected to a third
power line 1033 to which the reference voltage Vref is
applied.

The high potential power voltage VDD and the low
potential power voltage VSS are alternately supplied to the
first and second drivers 1011 and 1012. For example, the
high potential power voltage VDD is supplied to the first
driver 1011, and at the same time the low potential power
voltage VSS is supplied to the second driver 1012. Subse-
quently, the power voltages VDD and VSS supplied to the
first and second drivers 1011 and 1012 are switched between
each other. The low potential power voltage VSS is supplied
to the first driver 1011, and at the same time the high
potential power voltage VDD is supplied to the second
driver 1012. The power voltages VDD and VSS supplied to
the first and second drivers 1011 and 1012 may be switched
between each other at predetermined time intervals. The
predetermined time interval may be one frame period.
However, embodiments are not limited thereto. When the
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first driver 1011 is driven, the light emitting element OLED
is driven with the data voltage compensated as much as the
threshold voltage of the first driving element DT1 sampled
for time at which a current Ids of the first driving element
DT1 increases. Because the second driving element DT2
maintains an off-state when the first driver 1011 is driven,
the threshold voltage of the second driving element DT2 is
not sampled. Further, when the second driver 1012 is driven,
the light emitting element OLED is driven with the data
voltage compensated as much as the threshold voltage of the
second driving element DT2 sampled for time at which a
current Ids of the second driving element DT2 increases.
Because the first driving element DT1 maintains an off-state
when the second driver 1012 is driven, the threshold voltage
of the first driving element DT1 is not sampled. Thus, the
embodiment of the disclosure can prevent a sampling error
of the threshold voltage resulting from hysteresis character-
istics of the transistor because only the threshold voltage of
the driving element supplied with the high potential power
voltage VDD is sampled in each pixel circuit. As a result, the
embodiment of the disclosure can prevent image retention
resulting from the hysteresis characteristics of the transistor.

The high potential power voltage VDD may be a voltage
higher than the low potential power voltage VSS, for
example, DC voltage between 8V and 9V, and the low
potential power voltage VSS may be 0V. Further, the data
voltage Vdata may be OV to 5V, and the reference voltage
Vref may be a specific DC voltage between 1V and 2V.
These voltages may vary depending on driving characteris-
tics of the display panel, an application field, and the like.
Thus, embodiments are not limited thereto.

FIGS. 5A and 5B are circuit diagrams illustrating an
operation of the pixel circuit shown in FIG. 3. FIG. 6 is a
waveform diagram illustrating a driving signal of a pixel
circuit according to an embodiment of the disclosure.

Referring to FIGS. 5A, 5B, and 6, during a first period, the
second driver 1012 is supplied with the high potential power
voltage VDD and supplies the current to the light emitting
element OLED. During the first period, the first driver 1011
is supplied with low potential power voltage VSS and is not
driven because a current path connected to the light emitting
element OLED is blocked in the first period. During a
second period, the first driver 1011 is supplied with the high
potential power voltage VDD and supplies the current to the
light emitting element OLED. During the second, the second
driver 1012 is supplied with low potential power voltage
VSS and is not driven because a current path connected to
the light emitting element OLED is blocked in the second
period.

The first period may be a first frame period FR1 as shown
in FIGS. 5A and 6, and the second period may be a second
frame period FR2 as shown in FIGS. 5B and 6. However,
embodiments are limited thereto. Fach of the first and
second periods is divided into an initialization period P01, a
sampling period P02, a hold period P03, and an emission
period P04. During the initialization period P01, the capaci-
tors Cstl and Cst2, the driving elements DT1 and DT2, and
the light emitting element OLED of the pixel circuit are
initialized. During the sampling period P02, the data voltage
Vdatais supplied to the capacitors Cstl and Cst2 of the pixel
circuit, and the capacitors Cstl and Cst2 are charged with a
data voltage Vdata compensated as much as a threshold
voltage of the driving elements DT1 and DT2. During the
hold period P03, the scan signals SCAN1(N) and SCAN2
(N) and the emission signal EM(N) maintain a previous
state, and a voltage of each node of the pixel circuit holds a
previous state. During the emission period P04, a current
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path is formed between the driving elements DT1 and DT2
and the light emitting element OLED, and the light emitting
element OLED emits light with a luminance corresponding
to grayscale of data.

FIGS. 7A and 7B are circuit diagrams illustrating a pixel
circuit according to a second embodiment of the disclosure.
FIGS. 8A to 8D are circuit diagrams dividedly illustrating in
stages an operation of a pixel circuit according to the second
embodiment of the disclosure in an initialization period, a
sampling period, a hold period, and an emission period.
Structures and components identical or equivalent to those
described in the first embodiment are designated with the
same reference numerals in the second embodiment, and a
further description may be briefly made or may be entirely
omitted.

Referring to FIGS. 7A and 7B, each of first and second
drivers 1011 and 1012 may further include fifth and sixth
switches.

A 3-1 switch element T51 is turned on in response to a
gate-on voltage VGL of a second scan signal SCAN2(N) and
connects a third power line 1033 to an anode of a light
emitting element OLED. Hence, the 5-1 switch element T51
fixes an anode voltage of the light emitting element OLED
to a reference voltage Vref during an initialization period
P01, a sampling period P02, and a hold period P03, thereby
suppressing the emission of the light emitting element
OLED. The 5-1 switch element T51 includes a gate con-
nected to a second gate line 1042, a first electrode connected
to the third power line 1033, and a second electrode con-
nected to the anode of the light emitting element OLED.

A 5-2 switch element T52 is turned on in response to the
gate-on voltage VGL of the second scan signal SCAN2(N)
and connects the third power line 1033 to the anode of the
light emitting element OLED. Hence, the 5-2 switch element
T52 fixes the anode voltage of the light emitting element
OLED to the reference voltage Vref during the initialization
period P01, the sampling period P02, and the hold period
P03, thereby suppressing the emission of the light emitting
element OLED. The 5-2 switch element T52 includes a gate
connected to the second gate line 1042, a first electrode
connected to the third power line 1033, and a second
electrode connected to the anode of the light emitting
element OLED.

A 6-1 switch element T61 is turned on in response to the
gate-on voltage VGL of an emission signal EM(N) during an
emission period P04 and thus forms a current path between
a 3-1 switch element T31 and the light emitting element
OLED. For a period of time except the emission period P04,
the 6-1 switch element T61 blocks the current path. The 6-1
switch element T61 includes a gate connected to a third gate
line 1043, a first electrode connected to a second electrode
of the 3-1 switch element T31, and a second electrode
connected to the anode of the light emitting element OLED.

A 6-2 switch element T62 is turned on in response to the
gate-on voltage VGL of the emission signal EM(N) during
the emission period P04 and thus forms a current path
between a 3-2 switch element T32 and the light emitting
element OLED. For a period of time except the emission
period P04, the 6-2 switch element T62 blocks the current
path. The 6-2 switch element T62 includes a gate connected
to the third gate line 1043, a first electrode connected to a
second electrode of the 3-2 switch element T32, and a
second electrode connected to the anode of the light emitting
element OLED.

The high potential power voltage VDD and the low
potential power voltage VSS are alternately supplied to the
first and second drivers 1011 and 1012. For example, the
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high potential power voltage VDD is supplied to the first
driver 1011, and at the same time the low potential power
voltage VSS is supplied to the second driver 1012. Subse-
quently, the power voltages VDD and VSS supplied to the
first and second drivers 1011 and 1012 are switched between
each other. The low potential power voltage VSS is supplied
to the first driver 1011, and at the same time the high
potential power voltage VDD is supplied to the second
driver 1012. The power voltages VDD and VSS supplied to
the first and second drivers 1011 and 1012 may be switched
between each other at predetermined time intervals. The
predetermined time interval may be one frame period.
However, embodiments are not limited thereto.

A first period may be a first frame period FR1, and a
second period may be a second frame period FR2. Each of
the first and second periods is divided into an initialization
period P01, a sampling period P02, a hold period P03, and
an emission period P04. During the initialization period P01,
the capacitors Cstl and Cst2, the driving elements DT1 and
DT2, and the light emitting element OLED of the pixel
circuit are initialized. In the initialization period P01, as
shown in FIG. 8A, main nodes of the pixel circuit are
initialized to the reference voltage Vref.

During the sampling period P02, the data voltage Vdata is
supplied to the capacitors Cstl and Cst2 of the pixel circuit,
and the second driving element DT2 supplied with the high
potential power voltage VDD is turned on. Hence, the
second capacitor Cst2 is charged with a data voltage Vdata
compensated as much as a threshold voltage of the second
driving element DT2. When the second driver 1012 is
driven, in the sampling period P02, as shown in FIG. 8B, a
voltage of a third node n3 increases to “VDD+Vth”, a
threshold voltage Vth of the second driving elements DT2 is
sampled, and the data voltage Vdata is applied to a first node
nl. In this instance, the first driving element DT1 maintains
an off*state because the low potential power voltage VSS is
applied to a first electrode of the first driving element DT1.
Therefore, the threshold voltage of the first driving element
DT1 is not sampled. In the sampling period P02, a voltage
of the first capacitor Cstl holds an initialization voltage.
During the hold period P03, the scan signals SCAN1(N) and
SCAN2(N) and the emission signal EM(N) maintain a
previous state, and a voltage of each node of the pixel circuit
holds a previous state as shown in FIG. 8C.

During the emission period P04, a current path is formed
between the driving elements DT1 and DT2 and the light
emitting element OLED, and the light emitting element
OLED emits light with a luminance corresponding to gray-
scale of data. When the second driver 1012 is driven, in the
emission period P04, the voltage of the second capacitor
Cst2 is “Vref-Vdata+VDD+Vth”, and the voltage of the first
capacitor Cstl is held at the initialization voltage. When the
first driver 1011 is driven, in the emission period P04, the
voltage of the first capacitor Cstl is “Vref-Vdata+VDD+
Vth”, and the voltage of the second capacitor Cst2 is held at
the initialization voltage.

As described above, the electroluminescent display
according to the embodiments of the disclosure is configured
such that the first and second drivers, which are driven
alternately with each other, are disposed in each pixel
circuit, and only the threshold voltage of the driving element
supplied with the high potential power voltage VDD among
the first and second drivers is sampled. Hence, the embodi-
ments of the disclosure can prevent a sampling error of the
threshold voltage resulting from hysteresis characteristics of
the transistor. As a result, the embodiments of the disclosure
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can prevent image retention resulting from the hysteresis
characteristics of the transistor.

The electroluminescent display according to the embodi-
ments of the disclosure is configured such that the two
drivers are disposed in each subpixel, and a current path of
the driver, which is not driven among the two drivers, is
blocked. Hence, the embodiments of the disclosure can
prevent additional current compensation even when the
driver is added, and reduce power consumption.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addi-
tion to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent
to those skilled in the art.

What is claimed is:

1. An electroluminescent display comprising:

a display panel on which data lines and gate lines intersect

each other and a plurality of subpixels is disposed;

a data driver configured to supply a data signal to the data
lines; and

a gate driver configured to supply a gate signal to the gate
lines,

wherein each subpixel includes:

a first driver including a first driving element for driving
a light emitting element during a first period; and

a second driver including a second driving element for
driving the light emitting element during a second
period,

wherein the light emitting element includes an anode
connected to the first and second drivers and a cathode
supplied with a low potential power voltage,

wherein during the first period, a high potential power
voltage higher than the low potential power voltage is
supplied to the second driving element, and the low
potential power voltage is supplied to the first driving
element,

wherein during the second period following the first
period, the high potential power voltage is supplied to
the first driving element, and the low potential power
voltage is supplied to the second driving element.

2. The electroluminescent display of claim 1, wherein

each of the first and second periods is a frame period.

3. The electroluminescent display of claim 1, wherein the
gate signal includes:

a first scan signal generated as a pulse of a gate-on voltage
synchronized with a data voltage and defining a sam-
pling period,

a second scan signal overlapping the first scan signal and
generated as a pulse of the gate-on voltage during an
initialization period and the sampling period; and

an emission signal generated as a pulse of a gate-off
voltage when the first scan signal is inverted to the
gate-on voltage, and inverted to the gate-on voltage
after the first and second scan signals are inverted to the
gate-off voltage and then are delayed by a predeter-
mined hold period,

wherein the gate driver supplies the first scan signal to the
subpixels through a first gate line,

wherein the gate driver supplies the second scan signal to
the subpixels through a second gate line,
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wherein the gate driver supplies the emission signal to the
subpixels through a third gate line.

4. The electroluminescent display of claim 3, wherein
each subpixel includes a first switch element that is turned
on in response to the gate-on voltage of the first scan signal
and supplies the data voltage to the first and second drivers.

5. The electroluminescent display of claim 4, wherein the
first driver includes:

a first capacitor disposed between a first node and a

second node;

a 2-1 switch element turned on in response to the gate-on
voltage of the second scan signal and configured to
connect the second node to a fourth node; and

a 3-1 switch element configured to switch a current path
between the third node and the light emitting element
depending on a voltage of a fifth node present in the
second driver,

wherein the first capacitor is connected to the first switch
element through the first node,

wherein the first driving element includes a gate con-
nected to the first capacitor through the second node, a
first electrode which is supplied with the low potential
power voltage during the first period and is supplied
with the high potential power voltage during the second
period, and a second electrode connected to the fourth
node.

6. The electroluminescent display of claim 5, wherein the

second driver includes:

a second capacitor disposed between the first node and the
third node;

a 2-2 switch element turned on in response to the gate-on
voltage of the second scan signal and configured to
connect the third node to the fifth node; and

a 3-2 switch element configured to switch a current path
between the fifth node and the light emitting element
depending on a voltage of the fourth node,

wherein the second capacitor is connected to the first
switch element through the first node,

wherein the second driving element includes a gate con-
nected to the second capacitor through a third node, a
first electrode which is supplied with the high potential
power voltage during the first period and is supplied
with the low potential power voltage during the second
period, and a second electrode connected to the fifth
node.

7. The electroluminescent display of claim 6, wherein
each subpixel further includes a fourth switch element that
is turned on in response to the gate-on voltage of the
emission signal and supplies a predetermined reference
voltage to the first node.
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8. The electroluminescent display of claim 7, wherein the
first driver further includes:

a 5-1 switch element configured to form a current path
between a power line supplied with the reference
voltage and the anode of the light emitting element
depending on the gate-on voltage of the second scan
signal; and

a 6-1 switch element turned on in response to the gate-on
voltage of the light emitting element and configured to
form a current path between the 3-1 switch element and
the anode of the light emitting element,

wherein the second driver further includes:

a 5-2 switch element configured to form a current path
between the power line and the anode of the light
emitting element depending on the gate-on voltage of
the second scan signal; and

a 6-2 switch element turned on in response to the gate-on
voltage of the light emitting element and configured to
form a current path between the 3-2 switch element and
the anode of the light emitting element.

9. The electroluminescent display of claim 6, wherein
during the sampling period, the first and second capacitors
are supplied with the data voltage and are charged with the
data voltage.

10. The electroluminescent display of claim 3, wherein
the gate driver is configured such that a pulse of the second
scan signal is generated with the pulse width wider than the
pulse of the first scan signal, the pulse of the second scan
signal is changed to the gate-on voltage earlier than the first
scan signal and is inverted to a gate-off voltage at the same
time as the first scan signal, to define the initialization period
and the sampling period.

11. The electroluminescent display of claim 6, wherein
during the initialization period, the first and second capaci-
tors, the first and second driving elements and the light
emitting element are initialized.

12. The electroluminescent display of claim 1, wherein
when the first driver is driven, the light emitting element is
driven with a data voltage compensated as much as a
threshold voltage of the first driving element sampled for
time at which a drain-source current of the first driving
element increases; and when the second driver is driven, the
light emitting element is driven with a data voltage com-
pensated as much as a threshold voltage of the second
driving element sampled for time at which a drain-source
current of the second driving element increases.
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